BACKGROUND: Prescription drug abuse is a growing epidemic in the United States, and opioids are among the most commonly abused and misused controlled substances. Managed care organizations can use pharmacy lock-in programs to limit patients' access to opioids by requiring that they receive all scripts from 1 prescriber, potentially reducing inappropriate use.
P rescription drug abuse is a growing epidemic in the United States, with prescription drugs driving the rise in fatal drug overdoses over the past 2 decades. Opioids are among the most commonly abused and misused controlled substances. Opioids are a class of drugs that relieve pain and include morphine, oxycodone, methadone, hydrocodone, and other narcotic drugs. Nationwide, deaths from prescription opioid overdoses now exceed deaths from heroin and cocaine combined. 1 From 1999 to 2008, the increased prevalence of opioid-related deaths and admissions paralleled the increase in prescribing opioids for pain management. 1 Providers have been prescribing opioids more extensively for pain control since the 1990s in response to changing practice guidelines for pain management and rising concerns about untreated pain. The majority of opioid-related morbidity and mortality in the United States results from patients taking opioids as prescribed, rather than from abuse and misuse. 2 From 2001 to 2008, overdose deaths, drug abuse treatment, and sales of prescription opioids increased considerably. In 2008, 14,800 people died of opioid overdoses, representing 73.8% of all deaths from prescription drug overdoses that year, nearly 4 times higher than the 1999 death rate. 1 In 2011, opioids other than heroin represented approximately 10% of all substance abuse treatment admissions nationally, up from 2% in 2001. Among adolescents, opioids other than heroin rose from 29% of national admissions for substance abuse treatment in 2001 to 66% in 2011. 3 Approximately 488,000 emergency department (ED) visits involved nonmedical use of opioids in 2011, accounting for 29% of all ED visits related to prescription drug abuse and misuse. ED visits related to opioid abuse or misuse rose 183% from 2004 to 2011, compared with 132%
• Most previous evaluations of Medicaid lock-in programs focused on program costs, demonstrating reduced costs among patients enrolled in the programs, but they did not evaluate clinical outcomes.
• The Centers for Medicare & Medicaid Services recommends that all state Medicaid programs implement lock-in programs to curb opioid abuse and misuse.
What is already known about this subject
• This study demonstrated that the majority of patients enrolled in a Medicaid managed care lock-in program dropped Medicaid managed care coverage, but those who remained enrolled were more likely to achieve stable outcomes with increased time in the program.
• The majority of patients who dropped coverage did so within 6 months of entering the lock-in program.
• As length of time in the program increased, a larger proportion of patients decreased or stopped use of prescription opioids, maintained steady use under physician supervision, or entered maintenance replacement therapy.
What this study adds opioids were drawn from the Michigan Automated Prescription System (MAPS). MAPS is the state's prescription drug monitoring program, a database of all controlled substance purchases in the state, which documents the patient's name, date of purchase, drug name and quantity, prescriber and pharmacy identification numbers, and method of payment. MAPS was reviewed quarterly for each patient in the lock-in program to determine whether they had obtained controlled substances outside of BCN Medicaid coverage by paying cash. The University of Michigan Institutional Review Board and BCN Internal Review and Confidentiality Committee reviewed this study and determined that it was exempt from ongoing review.
Patients were eligible for enrollment if they filled ≥ 10 controlled substance prescriptions from ≥ 4 prescribers within a 3-month period. BCN chose this threshold because it may signal potential "doctor shopping" or dangerously uncoordinated care. The criteria were designed to avoid a large number of false positives but not to miss severe cases of abuse.
for nonmedical use of pharmaceuticals overall. 4 In Michigan, opioids other than heroin were the drug of choice for over 7,000 people admitted for substance abuse treatment in 2013, representing nearly 14% of all admissions that year. 5 Effective strategies to curb opioid abuse and misuse could defray the cost of this epidemic to the U.S. health care system. The most recent economic analysis of prescription opioid abuse and misuse found that nonmedical use had a total economic burden of $53.4 billion, driven primarily by lost productivity and criminal justice expenditures. 6 Direct medical costs are also higher among opioid abusers because of higher use of health care services and prescription drugs, as well as higher prevalence of comorbid conditions. 7 In response to this crisis, payers, providers, regulatory agencies, and manufacturers have adopted a variety of approaches to curb opioid abuse and misuse. [8] [9] [10] [11] [12] [13] Payer-based approaches include formulary controls; provider-directed interventions such as education; feedback from prescription monitoring programs; screening and intervention programs; and Medicaid lock-in programs. 8, 9 Lock-in programs are a way to limit use by patients who are "doctor shopping," or seeking multiple opioid prescriptions from different providers within a short period of time, often filling these prescriptions at multiple pharmacies. Nationally, an estimated 0.3% to 0.7% of opioid purchasers are doctor shoppers. 14, 15 Lock-in programs, also called patient review and restriction programs, limit payment for opioids to prescriptions from a single prescriber and/or pharmacy. They are designed to prevent dangerously uncoordinated care and eliminate reimbursement for inappropriate or fraudulent opioid prescriptions. Most states run lock-in programs for Medicaid beneficiaries, and internal evaluations have consistently demonstrated cost savings. [16] [17] [18] [19] The Centers for Medicare and Medicaid Services (CMS) recommends that all state Medicaid programs implement lock-in programs. 20 Little is known, however, about the clinical outcomes of payer-based lock-in programs. The purpose of this study was to examine the opioid use patterns of patients enrolled in the Medicaid lock-in program of a large managed care organization for up to 36 months, to determine whether enrollment in the program was correlated with reductions in inappropriate use, such as uncoordinated prescribing and potential doctor-shopping behaviors. Patients meeting these criteria were flagged in BCC Controlled Substance reports on a quarterly basis and were reviewed by a BCN pharmacist to determine whether the BCC Controlled Substance Committee should evaluate the case (Figure 1 ). The BCC Controlled Substance Committee was composed of a BCN physician, pharmacist, and case manager, as well as a medical director and case manager from the University of Michigan Health System Complex Care Management Program. Pharmacy claims for controlled substances were defined as schedule II to V drugs, as classified by the U.S. Drug Enforcement Administration. Patients with diagnoses that could have justified the observed high use of controlled substances were not enrolled in the program, such as those with cancer, recent injury or surgery, chronic pain conditions, or neuralgias, but were flagged for follow-up if they appeared on subsequent reports. For the remaining patients, the committee contacted their primary care physicians (PCPs) to ask for their agreement to be sole opioid prescribers for these patients. Once the PCPs agreed, then the patients were informed via letter that only controlled substance prescriptions provided by the PCP would be covered.
■■ Methods Study Population and Data

Study Design
This retrospective cohort study describes the outcomes of all patients enrolled in the BCN lock-in program from March 2008 through May 2013. Patient outcomes were evaluated at 6, 12, 24, and 36 months after the date of enrollment in the program. Patients were followed through August 31, 2013, or until 1 of the following events occurred: completion of 36 months in the program, termination of BCN Managed Care coverage, death (recorded in the quarterly BCC Controlled Substance Committee reports), or loss to follow-up (i.e., no longer appearing in the reports). No comparable control group was available for this population because all patients who met the lock-in program criteria were enrolled.
Patient opioid use was broadly categorized as "stable" or "unstable" at each time interval, based on BCC Controlled Substance Committee reports. For the purposes of this study, patients were assumed to use any opioid prescriptions they filled. Stable use was defined as opioid use only as prescribed by the assigned PCP (Figure 2 ). Patients with stable use decreased or stopped using prescription opioids, maintained steady use, or entered maintenance replacement therapy. Patients who maintained steady use of opioids used the drugs prescribed by the lock-in provider but did not obtain controlled substances through other providers. Patients who entered maintenance therapy were identified because they received prescriptions to treat opioid abuse (e.g., buprenorphine), had medical claims for treatment, or their lock-in providers directly communicated this information to BCN staff. In contrast, unstable use was defined as attempted or actual use of prescription opioids not prescribed by the assigned PCP. Patients with unstable outcomes either submitted claims for opioids written by other providers or paid cash for opioids prescribed by other providers.
Patients were independently classified as "protesters" in each time interval if they sought to circumvent the lock-in program. Patients were considered protesters if they requested to change their lock-in PCPs or called BCN Member Services more than once per quarter or if they filed grievances for their enrollment in the program. In some cases, patients may have sought to change their lock-in PCP for legitimate reasons, including dissatisfaction with the services they received or provider retirement. However, patients were not classified as protesters for seeking to change their lock-in PCP less frequently than once per quarter. 
Clinical Classification Schema for Patients Enrolled in the Medicaid Managed Care Lock-In Program
■■ Results
During the study period, 59 BCN Medicaid managed care patients were enrolled in the lock-in program. Enrolled patients had a median age of 37 years (range 22-64), were 72.9% female, and had an average of 1.2 chronic conditions ( Table 1 ). The most common chronic conditions were migraine (20 patients), low back pain (17) , and lumbago (13) . Two patients had previously been diagnosed with drug withdrawal, and 1 was diagnosed with a mental health condition. Endpoints experienced by patients enrolled in the Medicaid managed care lock-in program were distributed as follows: over half (54%) of the 59 enrollees dropped BCN coverage, and 1 patient (2%) died 1 month after enrollment in the program ( Table 2 ). All the remaining patients were followed through August 31, 2013 (22 patients, 37%) or for 36 months (4 patients, 7%). No patients were lost to follow-up.
As time in the program increased, the proportion of patients who dropped coverage decreased. Within 6 months of enrollment, 29% of the 59 patients who entered the lock-in program had terminated BCN coverage, while an additional 2% (1 patient) had died (Table 3 and Figure 3 ). Between 6 and 11 months, the proportion of patients who left declined to 18% of the remaining patients. From 12 to 23 months (double the length of the previous time intervals), 25% of the patients dropped BCN coverage, averaging approximately 13% each 6 months. The attrition rate between 24 and 36 months after enrollment was 22%, or 11% semiannually.
However, the proportion of patients with stable outcomes increased as time in the program increased. Six months after enrollment, only 18 of the original 59 patients (31%) remained enrolled and were stable. By comparison, 22 (37%) patients remained enrolled but were unstable because of cash purchases of prescription opioids or attempts to bill BCN for opioid prescriptions not written by their assigned provider. At 12 months, the proportion of stable patients rose to 50% (19 of the 38 patients enrolled for that duration), while the proportion of unstable patients declined to 26% (10 patients). The proportion of stable patients continued to increase with time in the program, to 58% at 24 months (14 of 24 patients) and 78% at 36 months (7 of 9 patients). Within each time interval, most stable patients decreased their use of prescription opioids or stopped use entirely.
Few patients protested their enrollment in the lock-in program after remaining in the program for over 6 months. At 6 months, 19% of the patients protested their enrollment in the program. This proportion fell to 3% at 12 months after enrollment, rose slightly to 4% at 24 months (double the length of the previous time interval), and declined to zero at 36 months post-index.
■■ Discussion
In this evaluation of a payer-based lock-in program to curb opioid abuse in a Medicaid managed care program, patient outcomes were strongly related to the amount of time spent in the program. In the early months after enrollment, the most common outcome was disenrollment from the managed care program. Patients may have switched to a different Medicaid managed care plan, entered Medicaid fee-for-service, acquired private coverage, or become uninsured.
The attrition rate for the study population was higher than that of the general population in each time interval, particularly within 6 months of enrollment in the program. General attrition rates were calculated using a cross-section of all individuals enrolled in BCC on March 1, 2010 . Approximately 20% of the total population dropped BCC coverage within 6 months of this date, as did an additional 12% between 6 to 11 months. From 12 to 23 months, 18% dropped BCC coverage (9% semiannually), and 15% dropped coverage from 24 to 36 months (7% semiannually).
Although attrition rates were high for patients enrolled in the lock-in program, the patients who remained in the program were more likely to demonstrate improved patterns of opioid use-cessation, reduction, steady use, or a switch to maintenance replacement therapy. Cessation and decreased use were positively correlated with increased time in the program. Longer periods in the program also corresponded with decreased likelihood of leaving Medicaid managed care coverage or of maintaining coverage while protesting enrollment in the program. Among patients who remained in the program, the lock-in program may have succeeded in its goal of eliminating uncoordinated opioid prescribing among providers. 
Characteristics of Patients Enrolled in the Medicaid Managed Care Lock-In Program
Most previous evaluations of lock-in programs have focused on program costs, demonstrating reduced costs among patients enrolled in the programs, and few of these evaluations were published in peer-reviewed journals. 21 For example, Oklahoma's SoonerCare pharmacy lock-in program reported $31,500 in savings in reduced opioid prescriptions in 2009, averaging $600 per patient, without impacting patients' use of maintenance medications. 18, 19 One previous article outlined payer-based interventions to address opioid abuse, and another assessed an intervention in which a payer supplied providers with information on specific patients with problematic opioid use. 8, 13 A third article evaluated pharmacists' experiences in implementing the Medicaid lock-in program in North Carolina. 22 To our knowledge, this is the first evaluation of opioid use patterns and participation over time among patients in a lockin program in the academic literature. The prevalence of back pain and headaches in our study population aligns with a 2010 study on opioid trends and risks, which found that individuals with these chronic conditions were more likely to abuse or become dependent on opioids, as were individuals with prior mental health and substance abuse diagnoses. The same study found that individuals aged between 31 and 40 years were at even higher risk for opioid abuse or misuse than those with prior mental health or substance abuse diagnoses.
23
Limitations
This study has several limitations, including the small numbers of lock-in program enrollees, the lack of a control group, and inclusion of patients from a single Medicaid managed care organization. For these reasons, the study's findings may not be generalizable to other lock-in programs. While the lack of a control group prevents direct comparison of our patients' propensity to leave the managed care program with other patients, the attrition rate after enrollment in the program exceeds that of the general population. Patients who were more likely to continue unstable opioid use may also have been more likely to terminate BCC coverage in order to leave the lock-in program. Conversely, patients who were more likely to adopt more appropriate opioid use may have been more likely to remain enrolled. This is a major confounding factor in the correlation between patients' Additional limitations include the lack of data on prescription drug use outside Michigan or illegal purchases of controlled substances, which could have resulted in misclassification of some individuals as having improved opioid use patterns. Additionally, our dataset did not include medications delivered during hospitalization or ED visits, which may also have undercounted some patients' opioid use.
■■ Conclusions
This study is the first to examine patient outcomes in a lock-in program for opioids, adding to the evidence on payer-based interventions to address prescription drug misuse and abuse. The apparent effect of promoting exit from managed care by patients early in enrollment in the lock-in program, if verified in future studies, is an unintended consequence of the program that merits investigation. Conversely, the apparent achievement of desired outcomes among patients who remained in the program suggests that lock-in programs play an important, albeit limited, role in addressing the opioid abuse epidemic. Our findings support the CMS recommendation that all state Medicaid programs implement lock-in programs. 20 In addition to this payer-based approach, other approaches to opioid abuse should continue, including provider-directed programs to improve physician prescribing and clinical practices, 2, 8, 13 and regulatory approaches controlling prescribing practices and reporting requirements. [8] [9] [10] [11] [12] 
